Abstract. The optimal regimen of chemotherapy for gastric cancer in a second-line setting remains to be clarified. The aim of this retrospective study was to evaluate the efficacy and safety of second-line irinotecan treatment. A total of 134 patients with gastric cancer who had received prior chemotherapy with fluoropyrimidine-based regimens were treated with irinotecan (150 mg/m 2 on days 1 and 15) alone every 4 weeks (Arm I) or irinotecan (70 mg/m 2 on days 1 and 15) plus cisplatin (80 mg/m 2 on day 1) every 4 weeks (Arm IP) between April, 2004 and March, 2009. Patient characteristics, response rate, progression-free survival, overall survival and safety were investigated. Of 134 patients with recurrent or unresectable gastric cancer, 92 were treated in Arm I and 42 patients in Arm IP. Overall response rate in Arm I was 8.1%, compared with 20.0% in Arm IP (P=0.65). Median progression-free survival (Arm I vs. IP; 2.6 vs. 2.7 months, P=0.73) and median overall survival (Arm I vs. IP; 9.8 vs. 8.0 months, P=0.67) did not differ between the two treatment groups. Neutropenia, leukopenia and anorexia were the most common grade 3/4 adverse events, occurring significantly more frequently in Arm IP than in Arm I (P<0.05). Irinotecan may be a key agent, and serial irinotecan monotherapy is more beneficial as compared to irinotecan plus cisplatin in the treatment of advanced gastric cancer in second-line settings. Irinotecan monotherapy is beneficial compared to irinotecan plus cisplatin in second-line settings for the treatment of advanced gastric cancer refractory to fluoropyrimidine-based regimens.
Introduction
Gastric cancer (GC) is a common type of cancer in East Asia and the second leading cause of cancer death worldwide. Advances in medicine resulted in this entity being detected and treated much earlier than previously in Japan and Korea. However, the disease has often achieved an advanced stage prior to detection; subsequently, curative resection may no longer be an option. Systemic chemotherapy is an essential treatment modality for advanced GC, yielding improvements in quality of life and prolonged survival. A number of phase 3 trials and one meta-analysis showed that a 5-fluorouracil (FU)-based regimen improves both survival and symptoms compared with best supportive care (BSC) alone (1) (2) (3) . Although results of certain randomized phase 3 trials showed no survival benefit for FU plus cisplatin (CDDP) as compared to FU alone (4), an FU-based regimen in combination with CDDP is the most commonly used first-line treatment for advanced GC (5) (6) (7) . In the phase 3 SPIRITS trial conducted in Japan (8) , advanced GC patients treated with combination chemotherapy consisting of S-1 plus CDDP in a first-line setting had an overall survival (OS) of 13 months as compared with 11 months in patients treated with S-1 alone [hazard ratio (HR) for death 0.77; 95% CI, 0.61-0.98; P=0.04]. Although a median OS of more than 1 year was achieved with the S-1 plus CDDP regimen, the median progression-free survival (PFS) of the first-line regimen was 6 months, and approximately 75% of the patients received second-line treatment. However, the impact of the second-line chemotherapy, which may have contributed to the favorable survival benefit, remains to be determined, and there is no standard regimen following the failure of first-line fluoropyrimidine-based treatment.
Irinotecan (CPT-11) and its active metabolite, SN-38, bind reversibly to the topoisomerase I-DNA complex and induce cancer cell death by preventing religation of single-strand DNA breaks. Irinotecan has shown anti-tumoral activity in gastrointestinal cancers and is commonly used in a secondline setting for metastatic colorectal cancer, either alone or in combination with other agents (9, 10 (13) . A Korean trial using the same combination regimen showed a median PFS and OS of 2 and 7.5 months, respectively, for the second-line group of 20 patients with metastatic or recurrent GC (14) . Ajani et al administered CPT-11 50 mg/m 2 plus CDDP 30 mg/m 2 weekly for 4 weeks over a 6-week cycle and achieved an RR of 31% and PFS of 7 weeks (15). However, severe toxic effects developed in the majority of patients, and a modification in dose was suggested. The aim of this retrospective study was to evaluate the efficacy and safety of CPT-11 in a second-line setting for recurrent or unresectable GC following the failure of fluoropyrimidine-based regimens.
Patients and methods
Patients. Second-line chemotherapy with a CPT-11-based regimen was administered in a total of 134 patients at the Cancer Institute Hospital of the Japanese Foundation for Cancer Research, Japan between April, 2004 and March, 2009. Of these patients, CPT-11 alone was administered in 92 patients who were CDDP-refractory or in whom adequate hydration proved difficult; a combination regimen of CPT-11 plus CDDP was administered in the remaining 42 patients, who were CDDP-naïve or sensitive.
Patients were selected according to the following criteria: i) histologically confirmed gastric cancer with metastatic or recurrent disease; ii) an Eastern Cooperative Oncology Group (ECOG) performance status (PS) of 0 to 2; iii) failure of prior chemotherapy with a fluoropyrimidine-based regimen, either in an adjuvant setting or for metastatic disease; iv) no findings of peritoneal metastasis with radiologically confirmed intestinal stenosis or massive ascites; v) age ≥18 years; vi) adequate function of bone marrow, liver and kidney; vii) no synchronous double cancer or other serious disease; and viii) availability of informed consent prior to the administration of treatment.
Treatment. In patients receiving CPT-11 alone, the regimen consisted of infusional 150 mg/m 2 CPT-11 on days 1 and 15 every 4 weeks (Arm I). In patients receiving CPT-11 plus CDDP, the regimen consisted of infusional 70 mg/m 2 CPT-11 on days 1 and 15 and 80 mg/m 2 CDDP by intravenous drip infusion on day 1 with adequate hydration, to be repeated every 4 weeks (Arm IP). After 500 mg/m 2 CDDP was administered, CPT-11 alone was continued every 2 weeks. Patients were pre-medicated intravenously with 5-HT 3 blocker and dexamethasone. Chemotherapy was administered until disease progression, occurrence of intolerable toxicity, or withdrawal from treatment at the patient's request.
Response and toxicity evaluation. A CT scan was carried out every 2 cycles of therapy to document the extent of disease and evaluate the response to treatment. Objective responses in measurable lesions were evaluated according to the guidelines of the Response Evaluation Criteria in Solid Tumors Committee (RECIST 1.0). Symptomatic toxicities and laboratory data were monitored every 2 weeks at the outpatient department. Toxicities were evaluated according to the Common Toxicity Criteria for Adverse Events, version 3.0 (CTCAE v.3.0). Dose reduction and treatment delays were recommended according to the extent of hematological and non-hematological toxicities.
Statistical analysis. Progression-free survival was calculated from the first day of CPT-11 treatment until the time of the first occurrence of progression, death from any cause, or the date of last follow-up if none of the preceding events had occurred. Overall survival was calculated from the first day of CPT-11 treatment to the date the patient succumbed to the disease or the date of the last follow-up visit. Survival curves were obtained using the Kaplan-Meier method. Univariate analysis of PFS and OS was performed using the log-rank test. Correlations between independent factors, treatment, and PFS and OS were determined by multivariate analysis using the Cox proportional hazards regression model in each arm. Statistical analyses were performed using SPSS (SPSS Inc., Il, USA). P-values were two-sided, with P<0.05 indicating statistical significance.
Results
Patient characteristics. The patients were evaluable for survival parameters and toxicity. Patient characteristics are shown in Table I Response and survival. No complete response (CR) was observed in the 109 patients assessable for response; RR was 8.1% in Arm I and 20% in Arm IP. Disease control (partial response, PR; and stable disease, SD) rate was 54.1% in Arm I and 54.3% in Arm IP. Median PFS was comparable between 2.6 months (95% CI, 2.2-3.0) in Arm I and 2.7 months (95% CI, 1.5-3.9) in Arm IP (P=0.73) (Fig. 1) . Median OS was 9.8 (95% CI, 7.8-11.8) months in Arm I and 8 months (95% CI, 5.1-11.0) in Arm IP (P=0.67) (Fig. 2) . No significant difference was observed between Arm I and Arm IP in either PFS or OS.
Prognostic factor analysis. Multivariate analysis was performed to assess the effects of age, adjuvant chemotherapy, degrees of response to first-and second-line chemotherapy, histological type, prior gastrectomy, measurable target lesions, peritoneal metastasis and number of organs with metastasis at baseline. In Arm I, PFS was significantly longer in patients aged <65 years (P=0.049, HR=0.45) and with non-peritoneal metastasis (P=0.026, HR=0.46). In Arm IP, PFS was significantly longer in patients who received adjuvant chemotherapy (P=0.035, HR=0.27). The results showed that OS in Arm I was significantly longer in patients in whom disease control was obtained with second-line treatment (P<0.001, HR=0.39). Moreover, histologically, intestinal type was an independent prognostic factor for OS in Arm I (P=0.009, HR=0.45). Disease control with second-line treatment (P<0.001, HR=0.13) and one organ showing metastasis (P=0.012, HR=0.14) were independently correlated with a longer OS in Arm IP.
Adverse events. Adverse effects are shown in Table II . The most frequent grade 3/4 adverse hematological event was neutropenia, which was observed in 7 of 92 (7.6%) patients in Arm I and in 22 of 42 (52.4%) patients in Arm IP (P<0.001). leukopenia was observed in 4 of 92 (4.3%) patients in Arm I and in 7 of 42 (16.7%) patients in Arm IP (P<0.05). Septic shock and death within 30 days of the last administration of CPT-11 were observed in one patient (1.1%) receiving CPT-11 alone. The most common grade 3/4 adverse non-hematological event was anorexia, which was observed in 5 of 92 (5.4%) patients in Arm I and in 7 of 42 (16.7%) patients in Arm IP (P<0.05).
Discussion
Numerous studies have indicated a survival benefit for treatment of advanced GC in a first-line setting. However, although the SPIRITS trial demonstrated an OS of more than 1 year, PFS with S-1 plus CDDP in a first-line setting was only 6 months, and 74% of the patients received second-line chemotherapy (8) . Moreover, in the JCOG9912 trial, OS and PFS were 11.4 and 4.2 months, respectively, in the S-1 alone arm, and 74% of the patients received second-line chemotherapy (16) . On the other hand, in the FlAGS global trial, OS and PFS were 8.6 and 4.8 months, respectively, in the S-1 plus CDDP arm, and only 31% of the patients received second-line chemotherapy (17) . This suggests that in certain cases, optimal second-line chemotherapy contributes to the favorable OS observed with first-line treatment. However, few well-designed, randomized trials have been conducted for treatment in a second-line setting, and the optimal regimen following failure of first-line chemotherapy remains controversial. Recently, Thuss-Patience et al reported that CPT-11 alone (250 mg/m 2 every 3 weeks, to be increased to 350 mg/m 2 , depending on toxicity) as secondline treatment significantly improved OS compared to BSC (HR=0.48; 95% CI, 0.25-0.92; P=0.023) in patients previously treated with only one regimen (18) . This suggests that CPT-11 is a key novel agent in the treatment of advanced GC in a secondline setting. In the current study, overall RR in Arm IP was 20%, as compared with 8.1% in Arm I (P=0.65). The median PFS (Arm IP vs. I; 2.7 vs. 2.6 months) and median OS (Arm IP vs. I; 8 vs. 9.8 months) did not differ between the two treatment groups. Although this was a retrospective study, the results provide evidence that patients in whom fluoropyrimidinebased first-line chemotherapy is unsuccessful may derive a benefit from second-line treatment with CPT-11.
Multivariate analysis revealed that in both arms, patients with disease controlled by second-line CPT-11 treatment had a significantly longer OS. The proportion of patients who received third-line treatment in our study was 78.4%, and taxane agents were administered in 94.3% of those patients. Third-line chemotherapy including taxane agents may also have contributed to the survival benefit. Patients with recurrent GC following adjuvant S-1 monotherapy had a longer PFS in Arm IP. Nagashima et al suggested that two or three favorable phenotypes, p53-negative, bcl-2-negative and VEGF-positive, are favorable predictors of therapeutic effects in patients treated with CPT-11 plus CDDP (19) . Expression of specific chemosensitivity-related genes is currently being investigated in patients enrolled in the JCOG9912 trial. It has been suggested that certain CDDP-naïve populations with prior S-1 adjuvant treatment may benefit from a CPT-11 plus CDDP regimen. Defining the optimal CPT-11 regimen from the results of the present study is difficult. However, the selection of the CDDP combination in a second-line setting appears to be unlikely, as no benefit was noted in terms of PFS or OS in Arm IP as compared to Arm I. Moreover, neutropenia, leukopenia and anorexia, the most common grade 3/4 adverse events, occurred more frequently in Arm IP than in Arm I.
The results suggest that, in chemotherapy for advanced GC in a second-line setting, CPT-11 is a key novel agent and that serial CPT-11 monotherapy is beneficial as compared to CDDP combination therapy. Further prospective clinical trials may be useful in developing individualized optimal treatments, providing evidence concerning the efficacy of molecularly targeted agents and the utility of biological markers for the treatment of advanced GC in a second-line setting.
